TO THE EDITOR:
Biliary complications are still a major problem in liver transplantation despite advances in surgical techniques and accumulating experience. Historically, Roux-en-y (RY) biliary reconstruction has been the procedure of choice for pediatric patients due to the high prevalence of biliary atresia and technical challenges related to the small size and fragility of the ducts of pediatric recipients.
(1) On the other hand, there are some suggested advantages of duct-to-duct (DD) biliary reconstruction, such as providing a better bacterial barrier and facilitating postoperative endoscopic access by preserving anatomic continuity. (1) Although there are articles on the feasibility of DD biliary reconstruction in pediatric liver transplantation, most of these studies cover living donor pediatric liver transplantations, (1) and there is no study covering DD reconstruction in pediatric split-liver transplantations (SLTs).
This study aims to represent 5 pediatric SLT recipients with DD reconstruction and discusses its feasibility over the outcomes of these patients with a brief review of the literature.
Patients and Methods
Medical recordings from 10 consecutive SLTs that were carried out between April 2010 and September 2015 at Izmir Kent Hospital were retrospectively analyzed. Five pediatric patients receiving left lateral sector (LLS) grafts were enrolled. Demographics, diagnosis, Pediatric End-Stage Liver Disease (PELD) score, Child-Pugh score, graft-to-recipient weight ratio (GRWR), number and size of bile ducts, cold ischemia time, and complications were recorded.
GRAFT HARVESTING AND EX VIVO SPLITTING
Grafts were perfused with at least 4 L of University of Wisconsin solution following cannulation of the inferior mesenteric vein and abdominal aorta. Immediately after explantation, grafts were perfused with an additional 1 L of University of Wisconsin solution via the portal vein on the back table.
Because grafts were harvested from different centers, in vivo splitting was not performed, and ex vivo splitting on the back table was performed in our hospital. First the portal venous and then the hepatic arterial anatomy were elicited. Subsequently, the left portal vein, left hepatic artery, and left hepatic duct within the liver parenchyma were identified. These 3 structures were cut and then parenchymal transection was carried out along the falciform ligament. Vascular structures were tied or clipped through the liver parenchyma. Finally, the left hepatic vein was cut and the LLS graft including segments 2 and 3 bore the same anatomical aspects of a LLS graft harvested from a living donor with a short left hepatic artery and left portal vein.
The back-table procedures lasted an average of 65 minutes (range, 50-85 minutes), and average cold ischemia time for grafts was 413 minutes (range, 343-455 minutes).
Recipient total hepatectomy was performed according to classical techniques, preserving the inferior vena cava. The recipient bile duct was not dissected extensively to preserve the blood supply as much as possible and was divided above the bifurcation of the right and left hepatic ducts in all patients, allowing us to use the entire length of the common hepatic duct. Upon implantation, first the left hepatic vein was anastomosed to the recipient's inferior vena cava, and then the left portal vein was anastomosed to the recipient's portal vein. The graft was reperfused upon completion of the portal vein anastomosis. Following reperfusion, hepatic arterial anastomoses were used by using microsurgery techniques and carried out by a microvascular surgeon.
Biliary reconstructions between the recipient's common hepatic duct and the donor's left hepatic duct were performed in a DD fashion with interrupted sutures using 7/0 polydioxanone (Fig. 1) . Either the common hepatic duct or the confluence of right and left hepatic ducts was used for reconstruction on the recipient site. Stitches were tied outside the lumen of the anastomosis (Fig. 2) . Biliary stenting was not employed.
Results
A total of 5 whole liver grafts were split and transplanted to 10 patients over 5 years for various indications. The average age of the 5 pediatric patients was 3.7 years, ranging from 6 months to 6 years and only 1 patient was female (Table 1) .
All patients received LLS grafts. Average GRWR was 1.9%. Further size reduction was not necessary because no graft exceeded a GRWR ratio of 4%.
All grafts had a single major bile duct, and DD reconstruction was achieved with a single anastomosis without using stents. Details about bile ducts are summarized in Table 2 .
Median follow-up time was 70 months (ranging from 19 to 84 months). Currently, all of the patients are alive and well with stable liver function tests. Table 1 summarizes patient characteristics, and  Table 2 shows graft-related data in detail.
There were no major complications in the immediate or early postoperative period.
Vascular complications did not occur in any of the patients. None of the patients developed either thrombosis or stenosis of the hepatic vein, portal vein, or the hepatic artery. However, biliary complications were encountered in 1 patient. Cholangitis secondary to biliary stricture was observed in patient number 1 (patient in the first row on Tables 1 and 2 ) at 11 months after transplantation. Total bilirubin levels as high as 6 mg/dL were measured, and the patient was immediately treated with percutaneous transhepatic cholangiography as the 17-month-old patient could not tolerate endoscopic intervention. DD anastomosis was then converted to RY successfully following percutaneous treatment.
Discussion
Biliary complications continue to haunt liver transplantations. These complications are even more common in the setting of SLT.
(2) Surgical technique, anatomical variations, duration of the cold ischemia time, quality of the arterial supply of the donor and recipient bile ducts, and immunological factors are all considered as the possible causes of biliary complications.
Traditionally, RY biliary reconstruction has been the procedure of choice for pediatric liver transplantation due to previously disclosed reasons.
(1) On the contrary, DD reconstruction is a physiologic and a quicker method that preserves bilioenteric continuity. Thus, reflux of intestinal content into the bile ducts and the higher risk of ascending cholangitis is eliminated. Delay in bowel movements due to the additional intestinal anastomosis and the risk of intestinal leak or hemorrhage is also avoided. Moreover, DD anastomosis allows easy access via endoscopic approach enabling the management of both early and late postoperative complications through physiological route.
With DD reconstruction becoming increasingly common in adult liver transplantations, fresh data are beginning to accumulate about its implementations in pediatric patients. (1, 3) A majority of these data covers living donor liver transplantation (LDLT) patients and to our best knowledge, there is no report on the outcomes of DD biliary reconstruction for pediatric patients in the setting of SLT.
Biliary strictures complicate between 13% and 38% of RY reconstructions in pediatric LDLT.
(1) DD is not an exception with reported biliary stricture rates ranging between 9.3% and 36.8%. (3) Tension on the anastomotic site and poor vascularization are the main risk factors discussed for anastomotic stricture in DD reconstruction. Preservation of periductal microcirculation by avoiding dissection on periductal connective tissue is essential to achieve the best results in biliary reconstruction. In case of any concern about the arterial supply of the recipient bile duct, RY reconstruction should be preferred. Besides concerns about vascular supply, RY reconstruction should also be preferred to avoid tension on the anastomosis as the Roux limb would be more mobile than the native duct. The SLT grafts harvested in our series are identical to a LDLT graft with a relatively shorter left hepatic artery and left portal vein and does not result in the kinking of the vascular anastomoses after completion of the biliary reconstruction. Various results by means of biliary complications are reported ranging from 15.6% to 47.4% for pediatric LDLTs throughout the world. (1, 4) Only 1 (20.0%) patient had biliary stricture in our series, which is slightly better than the reported rates. This relatively lower rate of biliary complications in this series may be attributed to the absence of vascular complications.
Another discussion without a clear conclusion is the use of various kinds of stents after DD reconstruction in LDLT. Sakamoto et al. strongly advocates the use of stents because their findings show an 80% biliary complication rate unless a stent is used. (4) On the other hand, Haberal et al. successfully reported 31 pediatric patients with DD anastomosis without using biliary stents with an overall biliary complication rate of 15.6%.
(5) Using a transanastomotic stent may help to decrease the anastomotic pressure by draining the bile outside. However, stenting of the bile ducts through the cystic duct or via an opening in the common bile duct may cause further complications including bile leakage around the stent, cholangitis, displacement, and biliary peritonitis after removal. We did not prefer to use stents for DD reconstruction because the caliber of the bile ducts was very small and stenting would be difficult.
The drawback of this study is the limited number of patients, and further prospective studies with larger patient numbers will be needed to compare results of DD and RY reconstruction in pediatric SLT.
In conclusion, DD anastomosis is a safe and feasible method of biliary reconstruction in pediatric SLT. DD biliary reconstruction can be the method of choice for 
